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Abstract
Background: Undetected and untreated developmental problems can have a significant economic
and social impact on society. Intervention to ameliorate potential developmental problems requires
early identification of children at risk of future learning and behaviour difficulties. The objective of
this study was to estimate the prevalence of risk for developmental problems among preschool
children born to medically low risk women and identify factors that influence outcomes.
Methods: Mothers who had participated in a prenatal trial were followed up three years post
partum to answer a telephone questionnaire. Questions were related to child health and
development, child care, medical care, mother's lifestyle, well-being, and parenting style. The main
outcome measure was risk for developmental problems using the Parents' Evaluation of
Developmental Status (PEDS).
Results: Of 791 children, 11% were screened by the PEDS to be at high risk for developmental
problems at age three. Of these, 43% had previously been referred for assessment. Children most
likely to have been referred were those born preterm. Risk factors for delay included: male gender,
history of ear infections, a low income environment, and a mother with poor emotional health and
a history of abuse. A child with these risk factors was predicted to have a 53% chance of screening
at high risk for developmental problems. This predicted probability was reduced to 19% if the child
had a mother with good emotional health and no history of abuse.
Conclusion: Over 10% of children were identified as high risk for developmental problems by the
screening, and more than half of those had not received a specialist referral. Risk factors for
problems included prenatal and perinatal maternal and child factors. Assessment of maternal health
and effective screening of child development may increase detection of children at high risk who
would benefit from early intervention.
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Background
The prevalence of developmental disabilities in North
America and Australia is estimated between 12% and 17%
[1-3]. Detection and amelioration of developmental
problems in the preschool period increases the likelihood
that children enter school ready to learn and succeed
[4,5]. When developmental problems go undetected and
untreated, there is an increased probability of school fail-
ure, behaviour problems, low self esteem and loss of
potential [6,7]. Thus, undetected and untreated develop-
mental problems can have a significant economic and
social impact on society.
Intervention to ameliorate potential developmental prob-
lems requires early identification of children at risk of
future learning and behaviour difficulties. Because physi-
cians and public health nurses are the primary trusted
health professionals in routine contact with children
under the age of five, they are ideally positioned to screen
children and to identify risk of developmental and behav-
ioral problems [8,9]. Brief clinical observation is the most
commonly used strategy for identifying developmental
and/or behavioral problems, however, 50 to 70% of chil-
dren are missed by this method, particularly those with
less severe delay [1,10-12]. This level of under-detection
by primary care providers may result from a lack of recog-
nition of potential risks to development and lack of effec-
tive standard screening as well as limited time, resources
and remuneration for screening for developmental prob-
lems, follow up and referrals [9,13,14].
The implementation of parent-completed screening tools
may assist primary care providers in identifying children
who would benefit most from early intervention without
adding undue burden on providers [13,15,16]. In general,
parent report has equaled or corresponded to test scores
used for identification of developmental problems [17],
and parent completed tools have demonstrated validity
[14].
Evidence also indicates that child development is influ-
enced by family demographics and lifestyle, such as
maternal mental health and income [8,18,19]. These are
factors that can be identified early on, even prior to birth.
Early detection of family, social, and environmental con-
texts that put children at risk for developmental problems
may provide an opportunity to intervene and work with
families and communities to create environments that
support the optimal development of their children.
Understanding what characterizes at-risk families and
children would inform the strategic implementation of
community services to support optimal child develop-
ment. The objectives of this study were to estimate the
proportion of children who would screen at risk of devel-
opmental problems among preschool children born to
medically low risk women, identified by a standardized
screening instrument, and to identify parental and envi-
ronmental factors which were most strongly associated
with developmental screening results.
Methods
Participants
Medically low risk women, who participated in a rand-
omized controlled trial of supplementary prenatal care
between April 2001 and July 2004 and agreed to future
research, were invited to participate in this follow-up
study. Low medical risk referred to women who did not
require prenatal care from an obstetrician, and had an
uncomplicated pregnancy such that specialist care for fetal
or maternal complications was not required. Pregnant
women who sought services provided by family physi-
cians at one of three participating Calgary maternity clin-
ics were included in the study. Women were excluded
from the study if they were under the age of 18 (due to
ethical issues associated with confidentiality and
informed consent), had not completed the baseline study
prior to their first appointment with the clinic, did not
plan to attend the clinic at the time of the first recruitment
call, lived outside the Calgary Health Region, were not
pregnant, or could not communicate to study interviewers
or translators in one of seven languages (English, French,
Cantonese, Mandarin, Punjabi, Urdu, or Arabic dialects)
(Figure 1).
In the original trial, women who participated were rand-
omized to: (1) current standard of prenatal care; (2)
standard of care plus support from a nurse; or (3) stand-
ard of care plus support from a nurse and home visitor.
Study participants completed 3 computer-assisted tele-
phone interviews over the perinatal period (first trimester,
32–34 weeks gestation, and 8 weeks post delivery). Data
on demographics, lifestyle, psychosocial health, resource
utilization, network orientation, and history of abuse and
neglect were collected. Of the 2,556 women who were eli-
gible for the study, 1,737 (68%) agreed to participate and
completed the first questionnaire. Of those who agreed to
participate, 78 percent (1,352/1,737) completed all three
questionnaires. Non-completion rates did not differ by
study group, but women who did not complete the study
tended to be younger, non-Caucasian and had lower edu-
cation than those who completed the study. Demographic
and lifestyle characteristics did not differ by study group.
Overall, 75 percent of women in the study were of Cauca-
sian ethnicity and 73 percent of women had some college
or university level education. A full description of the ran-
domized controlled trial and results are reported else-
where [20].BMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
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In this follow-up study, mothers were contacted by tele-
phone (using their most recent contact information)
when their child was approximately three years old, and
they were invited to complete a telephone questionnaire.
Before completing the questionnaire, respondents were
informed by the interviewers that their participation was
voluntary, that their responses would be linked to the
original trial data, and that information would be kept
confidential. Women who miscarried, did not speak Eng-
lish, did not reside in the city of Calgary any longer, or
who had an incorrect phone number were excluded. The
follow-up study was launched on November 30, 2005 and
was completed on March 27, 2006. The study received
ethical approval from the Conjoint Medical Bioethics
Committee of the University of Calgary and Calgary
Health Region.
Questionnaire
The telephone questionnaire took approximately 15–20
minutes to complete and included information on child
health and medical care, child development, child care,
mother's demographics and lifestyle, mother's emotional
and physical well-being, and parenting style. Items were
generated by the research team in consultation with com-
munity partners over a 6 month period at monthly meet-
ings to address the research question and to ensure
potential covariates were considered (eg. access to physi-
cian services, child care). If an identified construct could
be assessed with standardized tools (eg. child develop-
ment, parenting, social support, detailed below), the
research team reviewed and considered appropriate tools
and made decisions by consensus. Criteria for tool selec-
tion included the psychometric properties of the scale,
reading level and length.
The questionnaire was pilot tested with 20 mothers to
assess the length, flow, and comprehension. The ques-
tionnaire was revised and shortened based on comments
from the pilot test as well as expert consultations. Expert
consultants included those with backgrounds in: early
child development, speech language development, com-
munity service delivery, nursing, social work, epidemiol-
ogy, survey development, biostatistics, and parenting.
Outcome Measure
The Parents' Evaluation of Developmental Status (PEDS)
was used to screen infants for risk of developmental and/
or behavioral problems [21]. The PEDS can be used from
birth to 8 years of age and is written at a grade 4 to 5 read-
ing level. Validity and reliability has been determined
through assessment of more than 771 children in various
settings across the US including physician offices, outpa-
tient clinics, day care centers, and schools. In addition, the
Study flowchart mapping eligibility, recruitment, and completion of mothers who participated in the follow up study Figure 1
Study flowchart mapping eligibility, recruitment, and completion of mothers who participated in the follow up 
study.
 
  1629 women 
identified from original
CPC cohort 
1147 contactable  482 not contactable
791 completed 
study 
356 did not complete
study 
•92 refusals 
•258 max attempts reached
•3 away for study 
•1 incomplete interview 
•2 family crisis/illness 
6 not eligible 
•2 still born 
•1 adoption 
•3 other 
476 bad 
phone number 
•203 not in service 
•5 line trouble 
•30 business/fax number 
•238 not at this number 
791/1147 =         
69% Participation BMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
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PEDS has been standardized on 2823 families from a
range of economic and ethnic backgrounds.
The PEDS is a 10 item parent report screening measure
designed to facilitate parent-professional communication
about development and to increase the probability that
developmental and behavioral problems in children,
birth to 8 years of age, are detected and addressed. This is
accomplished by eliciting parental concerns, determining
a child's level of risk for problems, and identifying the
appropriate next steps. The PEDS classifies children into
one of five categories or 'Paths' based on parents' report of
concerns: (A) multiple significant concerns are present
that are predictive of disability (high risk); (B) one signif-
icant concern is present that is predictive of disability
(moderate risk); (C) nonsignificant concerns are present
that are not predictive of disability but there is elevated
risk for behavioral problems (including mental health
problems) because of disruption of family functioning,
parent-child conflict and/or disciplinary problems (mod-
erate – low risk); (D) parents have problems communicat-
ing (moderate risk); or (E) no concerns are present
(extremely low – no risk). The PEDS has a sensitivity and
specificity that ranges between 70% and 80%, and these
percentages increase with repeated administration [21].
Independent Variables
Potential covariates of interest were grouped into four cat-
egories: child characteristics, home environment, sociode-
mographic factors, and pregnancy-related variables.
Child Characteristics
Child health status was based on maternal report (excel-
lent, good, fair, poor, or terrible) and on change in the
child's health compared to 1 year ago (about the same,
better, or worse). Caregivers reported on health care utili-
zation, routine health examinations, immunizations, hav-
ing a family doctor, chronic conditions, vision and
hearing problems, and referrals.
Home Environment Characteristics
Maternal physical and emotional health status was based
on self report (excellent, good, fair, poor, or terrible) [22].
Questions about abuse, social support, and relationship
with a partner were asked. Information about parenting
was collected and included parenting morale, which was
assessed using the Parenting Morale Index [23], and
parenting style, which was assessed using two subscales of
the National Longitudinal Survey of Children and Youth
(hostile/ineffective and aversion) [24].
Sociodemographic Factors
Self-reported information on marital status, education,
annual household income, ethnicity, and lifestyle factors
(smoking, alcohol, drug use) was collected.
Pregnancy-Related Variables
Several variables measured during the original rand-
omized controlled trial were included in this analysis,
including the Kellner Symptom Questionnaire [25],
Rosenberg Self Esteem [26], McCubbin Social Support
Index [27], Woman Abuse Screening Tool (WAST) [28],
Edinburgh Postnatal Depression Scale [29] and Vaux Net-
work Orientation Scale [30].
Statistical Analysis
Data collected from the follow-up study were linked to
data from both the original randomized controlled trial
using unique research identifiers (to include pregnancy-
related variables in the analysis) and to provincial perina-
tal records (to obtain the most accurate estimate of gesta-
tional age of the infant at birth). This resulted in data for
mothers at four time points from their first trimester to 3
years post partum.
Bivariate comparisons between the PEDS path and inde-
pendent variables in the four categories of interest were
conducted using a chi-squared test. A multinomial logistic
regression model was constructed to explore the relation-
ship between risk of developmental problems and factors
associated with this risk, yielding odds ratios and 95%
confidence intervals. Statistical significance was set at p <
0.05 for bivariate analyses and was also the criteria for
considering variables for regression modeling along with
known confounders. Selected predicted probabilities for
screening in each PEDS path were also calculated. All sta-
tistical analyses were performed using Stata 9/SE version
9.2.
Results
Study Response and Demographics
The results of the original randomized control trail indi-
cated that additional support provided by nurses, or
nurses and home visitors, could increase the number of
women who use existing community based resources and
increase the amount of information women obtain about
pregnancy related topics. However, rates of alcohol and
tobacco use, post partum depression and birth outcomes
did not differ by group. The type of prenatal care a women
obtained in the original trial was not a predictor of the
PEDS score (p = 0.737) and was not controlled for in sub-
sequent analysis.
Mothers from the original trial who could be contacted
and agreed to participate (N = 791) represented 69% of
those eligible (N = 1147) (Figure 1). Characteristics of
mothers and their children at the time of the follow up
study are described in Table 1 and reflect a middle income
community in a large urban setting. Mothers who could
not be contacted or refused to participate were more likely
to be less than 25 years old (14% vs. 9%, p = 0.012), non-BMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
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Caucasian (25% vs. 16%, p < 0.001), smoke during preg-
nancy (25% vs. 16%, p = 0.001), have required food bank
support (6% vs. 3%, p = 0.035), scored low on scales that
assess ability to seek help (36% vs. 29%, p = 0.009) and
to have scored low on self esteem during pregnancy (30%
vs. 23%, p = 0.010) compared to those mothers who com-
pleted the questionnaire.
Child Development Screening Results
Based on the PEDS, 11% (n = 86) of children screened at
high risk (Path A) and 30% (n = 239) screened at moder-
ate risk (Path B) of developmental problems. Twenty four
percent screened (n = 186) at an elevated risk for behavio-
ral problems and/or mental health problems (Path C).
There were no children who screened at moderate risk
because their parents had problems communicating (Path
D). Thirty five percent (n = 280) of children screened were
not at risk for either developmental or behavioral prob-
lems (Path E). Mothers reported concerns with expressive
language for 81% of children at high risk of developmen-
tal problems (Path A) and for 58% of children at moder-
ate risk of developmental problems (Path B). Mothers
also reported behavioral concerns in over half of the chil-
dren identified at high and moderate risk of developmen-
tal problems (Paths A and B) and in 68% of children
identified at elevated risk for behavioral and/or mental
health problems (Path C).
Among the 86 children who screened at high risk of devel-
opmental problems, 43% (n = 37) had previously been
referred for further assessment. High risk children most
likely to have received a referral had been born preterm
(15% vs. 0%), had previously had their hearing tested
(70% vs. 31%), and had vision problems (11% vs. 0%, all
p < 0.05, Table 2).
The chi squared analysis suggested that children at high
risk of developmental problems (Path A) were signifi-
cantly more likely to be male, to have had ear infections
(and hearing tests) and to have parents who reported
improved child health compared to a year ago (all p <
0.05, Table 3). The most common referral was to a speech
and language pathologist and rates of referral increased as
children screened at greater risk (p < 0.001). Children
who screened at high risk for developmental problems
(Path A) were more likely to come from a single parent
family and/or lower income homes (p < 0.014). Their
mothers were also more likely to report a history of
depression (36%), abuse prior to pregnancy (47%), dis-
tress during pregnancy (45%), and more than 2 weeks of
depression in the post partum period (47%, all p < 0.05).
In addition, they were more likely to report tension in
their marital relationship (56%, p < 0.004) and less likely
to report that their families ate meals together on a daily
basis (74%, p < 0.014, Table 3). Mothers of children at
high risk for developmental problems were also less likely
to report high parenting morale (p < 0.05).
Among children who screened at risk of behavioral and/
or mental health problems (Path C), 41% had mothers
Table 1: Characteristics of mothers and children who 
participated in the follow up study
Characteristic N = 791
n
%
MOTHERS
Married/Common law 746 94.4
Education
High school or lower 124 15.7
College/university/trade 588 74.3
Post graduate studies 79 10.0
Household income per year
< $40,000 65 8.8
$40,000–$80,000 267 36.0
> $80,000 410 55.3
Caucasian ethnicity 668 84.5
Any smoking in the past month 98 12.5
Any alcohol in the past month 514 65.0
Any drugs in the past month 17 2.2
Excellent or good rating of physical health 
in the past 6 months
599 75.8
Excellent or good rating of emotional 
health in the past 6 months
588 74.3
2 weeks or more of self reported 
depression since infant born
281 35.5
6 months or more of self reported 
depression since infant born
96 12.2
Edinburgh Post Partum Depression Score 
>10 within 4 months of delivery
54 8.17
Edinburgh Post Partum Depression Score 
>13 within 4 months of delivery
20 3.03
Ever seen or witnessed abuse since child 
was born
105 13.3
Mother has been abused since child was 
born
50 6.3
CHILDREN
Age ≥ 3 years 468 59.2
Male 383 48.4
Born preterm (< 37 weeks) 49 6.6
Child has regular family doctor 750 94.9
A parent stayed home with the child for 
≥24 months
320 40.5
Child has had routine health exam 711 90.1
Child's immunization shots are up to date 742 94.0
Child's current general health*
Excellent/Good 731 92.4
Fair/Poor/Terrible 60 7.6
Child received non-parental care for >20 
hours per week in the past 6 months
481 60.8
Parent reads to child once or more per day 696 88.2
Note: Denominator varies due to missing data
* as rated by the child's motherBMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
Page 6 of 11
(page number not for citation purposes)
who reported post partum depression, and 37% had
mothers who reported abuse prior to pregnancy (Table 3).
Children who screened at risk of behavioral problems
were significantly more likely to have a mother who was
single and who had changed partners since the child was
born, however, numbers were small (p < 0.03).
Among 219 children who had their hearing tested, 12.8%
were tested due to repeat ear infections and 19.6% were
tested due to suspected deafness. Children who were
referred to a speech language pathologist were signifi-
cantly more likely to have had their hearing tested (p <
0.001). Among the 60 children who had been recom-
mended for speech and language therapy, 43 (73%) had
their hearing tested of which 9 were assessed due to
chronic ear infections. About 50% of those referred to
speech and language assessment had had at least one ear
infection before two years of age.
Multinomial logistic regression analysis revealed that the
most significant predictors of screening at high risk (Path
A) compared to low risk of developmental problems
included male gender, having a history of ear infections
prior to age two, a mother with a history of abuse, or a
mother with low scores on contentment and relaxation
during pregnancy with odds ratios ranging from 1.9 to 3.3
(Table 4). Male gender (Odds Ratio 1.6, 95%, Confidence
Interval 1.1–2.3) and low scores on contentment and
relaxation during pregnancy (OR 1.5, 95%, CI 1.0–2.2)
increased the odds of screening at moderate risk of devel-
opmental problems (Path B) (Table 4). Children who
screened at risk of behavioral and/or mental health prob-
lems (Path C) were more likely to have mothers who had
experienced two or more weeks of post partum depression
(OR 1.6, 95% CI 1.1–2.4) and who had experienced
abuse (OR 1.0, 95% CI 1.0–2.3) (Table 4).
Based on the logistic regression model, a male infant with
a history of ear infections, who had a mother with a his-
tory of abuse, low scores on relaxation during pregnancy,
and at least two weeks of depression post partum had a
predicted probability of 53% for screening at high risk of
developmental problems (Path A) (Table 5). A similar
child, whose only difference was having a mother with a
positive history of well-being, had a predicted probability
of 19% for screening at high risk of developmental prob-
lems. The predicted probability of risk for developmental
problems based on child and maternal characteristics is
further illustrated in Table 5.
Table 2: Characteristics of children who had a referral compared to those who did not, among children screened at high risk of 
developmental problems (Path A)
Characteristic Referral
N = 37
n (%)
No referral
N = 49
n (%)
p-value
Age ≥ 3 years 22 (59) 34 (61) 0.339
Born preterm 5 (15) 0 (0) 0.006
Male 28 (76) 32 (65) 0.300
Child has regular family doctor 34 (92) 43 (88) 0.726
Child has had routine health exam 34 (92) 46 (94) 1.000
Child's immunization shots are up to date 35 (95) 44 (90) 0.694
Child has had ear infections prior to age 2 24 (65) 22 (45) 0.066
Child has had hearing tested 26 (70) 15 (31) <0.001
Child has vision problems 4 (11) 0 (0) 0.031
Child's current general health*
Excellent/Good 28 (76) 45 (92) 0.065
Fair/Poor/Terrible 9 (24) 4 (8)
Compared to 1 year ago, child's health is:
About the same 17 (46) 32 (65) 0.191
Better 18 (49) 16 (33)
Worse 2 (5) 1 (2)
Child has/had congenital abnormality 2 (5) 1 (2) 0.575
Child has/had chronic breathing problems 6 (16) 4 (8) 0.249
Child has/had allergies 6 (16) 3 (6) 0.165
Child has/had eczema or psoriasis 7 (19) 14 (29) 0.302
Child has/had sleep problems 1 (3) 0 (0) 0.430
Low parenting morale 7 (19) 8 (16) 0.754
Hostile/Ineffective parenting (cut at 10th percentile) 4 (11) 13 (27) 0.101
Note: Denominator varies due to missing dataBMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
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Table 3: Characteristics of children and their environment for children in each risk category
Path A
(high risk of 
developmental problems)
Path B
(moderate risk of 
developmental problems)
Path C
(elevated risk of behavioral 
and/or mental health 
problems)
Path E
(extremely low to no risk)
n (%)
N = 86
n (%)
N = 239
n (%)
N = 186
n (%)
N = 280
p-value
Child's health history and current 
health
Male infant 60 (70) 124 (52) 88 (47) 111 (40) <0.001
Ear infections prior to age 2 46 (53) 90 (39) 68 (37) 96 (35) 0.018
Child has problems with vision 4 (5) 8 (3) 6 (3) 8 (3) 0.846
Child's current general health
Excellent/Very good 73 (85) 215 (90) 177 (95) 266 (95) 0.003
Fair/Poor/Terrible 13 (15) 24 (10) 9 (5) 14 (5)
Compared to 1 year ago, child's health 
is*:
About the same 49 (57) 170 (71) 141 (76) 219 (78) 0.007
Better 34 (40) 62 (26) 38 (20) 55 (20)
Worse 3 (3) 7 (3) 7 (4) 6 (2)
Preterm delivery 5 (6) 15 (7) 16 (9) 13 (5) 0.388
Child's health care
Child has been referred to:
Early intervention program 8 (9) 7 (3) 2 (1) 1 (1) <0.001
Speech and language pathologist 21 (35) 30 (13) 3 (2) 6 (2) <0.001
Child developmental pediatrician 8 (9) 7 (3) 3 (2) 4 (1) 0.005
Psychologist 3 (3) 2 (1) 0 (0) 0 (0) 0.003
Physiotherapist 7 (8) 8 (3) 3 (2) 9 (3) 0.071
Child has had any referral 37 (43) 58 (24) 22 (12) 35 (13) <0.001
Child has had hearing tested 41 (48) 67 (28) 58 (31) 53 (19) <0.001
Child has had hearing tested due to 
repeat or chronic ear infection
11 (27) 6 (9) 5 (9) 6 (11) 0.028
Hearing tested due to suspected deafness 15 (39) 14 (21) 6 (10) 8 (15) 0.006
Mother's demographics and lifestyle
Marital Status
Married/Common-law 79 (92) 229 (96) 173 (94) 265 (95) 0.014
Separated/Divorced 2 (2) 6 (3) 2 (1) 12 (4)
Single 5 (6) 4 (2) 10 (5) 3 (1)
Age < 25 years 2 (2) 11 (5) 13 (7) 9 (3) 0.217
Working at paid job 52 (61) 142 (59) 104 (57) 184 (66) 0.220
Education is high school or lower 18 (21) 40 (17) 28 (15) 38 (14) 0.393
Current household income per year
<$40,000 13 (16) 19 (8) 15 (8) 18 (7) 0.014
$40,000–$80,000 35 (43) 85 (37) 68 (40) 79 (30)
>$80,000 34 (41) 123 (54) 89 (52) 164 (63)
Mother's mental and emotional 
health history
History of depression prior to pregnancy 31 (36) 49 (20) 36 (19) 56 (20) 0.009
Witnessed abuse prior to pregnancy* 46 (53) 86 (36) 76 (41) 98 (35) 0.014
History of abuse prior to pregnancy* 40 (47) 80 (33) 68 (37) 73 (26) 0.003
Poor network orientation during 
pregnancy
6 (7) 4 (2) 10 (5) 6 (2) 0.024
Feelings of distress during pregnancy 39 (45) 77 (32) 66 (35) 82 (29) 0.043
Feelings of contentment, relaxation, and 
well-being during pregnancy
43 (50) 155 (65) 139 (75) 207 (74) <0.001
Mother's mental and emotional 
health post partum
Edinburgh Post Partum Score >10 within 
first 4 months
9(12) 17 (9) 12 (8) 16 (7) 0.523
Edinburgh Post Partum Score >13 within 
first 4 months
3(4) 8 (4) 4 (3) 5 (2) 0.659
≥2 weeks of depression since infant born 40 (47) 84 (35) 76 (41) 81 (29) 0.007
Rating of current physical health is fair/
poor/terrible
30 (35) 61 (26) 41 (22) 59 (21) 0.058
Rating of current emotional health is fair/
poor/terrible
29 (34) 62 (26) 49 (26) 63 (23) 0.217
Currently some tension in relationship 
with partner
45 (56) 92 (40) 64 (36) 92 (34) 0.004BMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
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Discussion
Over 90% of the children in this study had routine health
exams, a family physician and current immunization sta-
tus. Of these children 10% were identified by PEDS as
being at high risk for developmental problems, however
over half of them had not received a more detailed assess-
ment by 3 years of age. High risk children most likely to
have received a referral were identified by preterm deliv-
ery. This study highlights the need for implementation of
effective developmental screening to ensure that all chil-
dren at risk of developmental problems, not just those
born preterm, have a similar probability of being identi-
fied and of receiving appropriate and timely early inter-
vention.
The variables that were associated with an increased prob-
ability of referral in this study (preterm birth, had hearing
tested, had vision problems) are medical in nature, but
this study, of primarily middle and upper income families
under a system of universal health care, shows that socio-
cultural variables have a significant relationship to the
development of children. Those children most at risk of
developmental problems were characterized by having
mothers with a prenatal history of abuse, depression, dis-
tress and an unwillingness to access social support net-
works as well as fewer financial resources. In the post-
partum period, children at risk could be identified by
mothers with post partum depression and marital ten-
sion. Consequently, identification of children at risk of
developmental problems could begin earlier by identify-
ing mothers with poor emotional and social health in the
prenatal and early post partum period.
The link between maternal depression, prenatal stress and
child development is well established [31-34]. Postpar-
tum depression has been associated with negative mater-
nal attitudes and may adversely influence the mother-
infant relationship, increasing the risk for delayed cogni-
Table 4: Multinomial logistic regression of infant and maternal characteristics for developmental delay screening status using the 
PEDS screening tool.
Variable Odds Ratio 95% C.I. p-value
Path A (high risk of developmental problems)
Male infant 3.3 (1.9, 5.8) <0.001
Ear infections prior to age 2 1.9 (1.1, 3.2) 0.019
Household income <$40,000 2.1 (0.9, 4.8) 0.071
Maternal history of abuse 2.2 (1.3, 3.7) 0.006
Low scores on contentment/relaxation during pregnancy 2.5 (1.4, 4.2) 0.001
2 weeks of depression post partum 1.7 (0.9, 2.9) 0.062
Path B (moderate risk of developmental problems)
Male infant 1.6 (1.1, 2.3) 0.011
Ear infections prior to age 2 1.2 (0.8, 1.7) 0.434
Household income <$40,000 1.2 (0.6, 2.4) 0.595
Maternal history of abuse 1.3 (0.9, 2.0) 0.178
Low scores on contentment/relaxation during pregnancy 1.5 (1.0, 2.2) 0.055
2 weeks of depression post partum 1.2 (0.8, 1.8) 0.333
Path C (elevated risk of behavioral and/or mental health problems)
Male infant 1.3 (0.9, 2.0) 0.167
Ear infections prior to age 2 1.1 (0.7, 1.7) 0.655
Household income <$40,000 1.2 (0.6, 2.5) 0.635
Maternal history of abuse 1.5 (1.0, 2.3) 0.060
Low scores on contentment/relaxation during pregnancy 0.9 (0.6, 1.5) 0.845
2 weeks of depression post partum 1.6 (1.1, 2.4) 0.025
Note: Path E (extremely low to no risk) is the comparison (baseline) group
Rating of current social support is fair/
poor/terrible
13 (15) 26 (11) 22 (12) 29 (10) 0.670
Parenting
High Parenting Morale 71 (83) 215 (90) 167 (90) 262 (94) 0.024
Parent reads to child once or more per 
day
74 (86) 211 (88) 164 (89) 247(89) 0.930
Family eats 1 or more meals together 
daily
64 (74) 207 (87) 147 (79) 240 (86) 0.014
*Types of abuse could include any one of physical, emotional, sexual, financial abuse, or neglect
Note: Denominator varies due to missing data
Table 3: Characteristics of children and their environment for children in each risk category (Continued)BMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
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tive development and child behavior problems [35-37]. It
can also interfere with parenting self-efficacy, parenting
skills and marital satisfaction for both partners [38-40].
From this study, a male infant with ear infections, a low
income environment, and a mother with a history of psy-
chosocial risk (e.g. history of abuse, postpartum depres-
sion, and poor contentment during pregnancy) had a
53% chance of screening at high risk for developmental
problems. If there was an absence of psychosocial risk
during pregnancy and post partum, this same child would
have had a reduction in the likelihood of screening at the
same level of risk by over 30%.
Although this study provided a unique opportunity to
examine prenatal, post natal and current variables associ-
ated with child health and development at age 3, the data
are limited in that women who could not be reached at
follow up were younger, had lower self esteem and fewer
financial resources. Consequently our findings may be
best generalized to women over age 25 and families with
middle or higher incomes. Furthermore, although the
PEDS has a reported sensitivity and specificity of about
80%, which is considered good given the nature and com-
plexity of child development [41], telephone administra-
tion of the PEDS has not been well researched.
Preliminary findings suggest that the telephone PEDS is
reliable but may have reduced sensitivity to identify par-
ents concerns resulting in underestimation of risk [42].
Consequently, the combination of loss in the follow up of
our more vulnerable mothers and the use of telephone
follow up suggest our estimates of risk of developmental
problems may be conservative.
Conclusion
This study indicates that there are missed opportunities
for the screening and identification of children at high risk
of developmental problems who may benefit from further
assessment. Ethical implications of putting effective
standard screening into practice would necessitate follow-
up resources and processes, including assessments for
approximately twice as many children as are currently
being seen, as well as appropriate, readily available, evi-
dence based, early intervention programs [43]. The struc-
tural, economic and community resources necessary for
ethical screening would require planning and organiza-
tion, including training and recruitment of speech lan-
guage technologists and specialists.
Developmental risk for some children may be identified
very early by prenatal maternal characteristics such as his-
tory of abuse or depression, lack of contentment and well-
being, and low annual family income. Prenatal interven-
tion could occur for families that screen at-risk with a
focus on maternal mental health and early parenting sup-
port. The goal would be the reduction of risk for develop-
mental problems in children in the preschool years.
Indeed, the reduction in probability of screening at risk
for male infants from 53% to 19% through attention to
maternal mental health, with no change in economic cir-
cumstance, provides a compelling incentive to address
issues of well being, social support and early identifica-
tion of poor mental health. Attention to antecedent events
is in alignment with a Population Health Approach and
with the United Nations Convention on the Rights of the
Child [44,45]. Furthermore, improving maternal mental
health and supports for parenting may have positive influ-
ence beyond the index child with regard to improved out-
comes for other children in the home and improved
marital relations. Based on this, we are implementing a
research project that investigates the impact of reorienting
prenatal care to address mental health and social support.
Ultimately, effective screening of child development in
combination with a comprehensive assessment of all
aspects of maternal health would increase the detection of
children at highest risk of developmental problems who
would benefit from early intervention and support for the
health of their families.
Table 5: Predicted probability for each PEDS path from the multinomial logistic regression model.
Infant characteristics Environment Predicted Probability of Screening in Each PEDS Path
Gender Ear infections Household 
income
Mother with a history of 
abuse, postpartum 
depression, and poor 
contentment during 
pregnancy
Path A
(high risk of 
developmental 
problems)
Path B
(moderate risk of 
developmental 
problems)
Path C
(elevated risk of 
behavioral and/or 
mental health 
problems)
Path E
(extremely low to 
no risk)
Male Ear infections Low income History 0.53 0.23 0.15 0.09
Male Ear infections High income None 0.11 0.32 0.22 0.35
Male Ear infections Low income None 0.19 0.32 0.21 0.28
Male None Low income None 0.12 0.32 0.22 0.33
Female None High income None 0.03 0.25 0.22 0.50
Female None High income History 0.12 0.33 0.27 0.28
Female Ear infections High income None 0.04 0.27 0.22 0.47
Female Ear infections Low None 0.08 0.28 0.23 0.41BMC Pregnancy and Childbirth 2008, 8:16 http://www.biomedcentral.com/1471-2393/8/16
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